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What Is Claimed W 

^ \ \' ^ method of closed-chest surgical intervention within an internal cavity 
of a patiebt's hean or great vessel, the method comprising: 
establishing cardiopulmonary bypass; 
arresting the patient's hean; 

viewing an internal ponion of the patient's chest through a scope extending 
through a percikaneous intercostal penetration in the patient's chest; 

forming internal penetration in a wall of the heart or ereac vessel using 
cutting means intrcyduced through a percutaneous intercostal penetration in the patient's 
chest; and 

inu-oducing anVinterventionai tool through a percutaneous intercostal penetration 
and through the internaKpenetration to perform a surgical procedure within the internal 



1 2 cavity under visualizatiort by means of said scope. 
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2. The method 6/ claim 1 wherein the patient's heart is arrested by 
occluding the patient's aona bWeen the patient's coronary arteries and the patient's 
brachiocephalic artery with an expandable member on a distal end of an endovascular 
catheter, and perfusing the patienas myocardium with cardioplegic fluid. 



The method of claim V wherein the interventional tool is introduced 
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through a cannula positioned in a percutaneous intercostal penetration. 



4. The method of claim 1 \wierein the surgical procedure comprises 



2 surgically treating a hean valve. 



5. The method of claim 4 funfter comprising the step of removing at least a 
ponion of the hean valve by means of a cutting tool introduced through a percutaneous 



3 intercostal penetration and through the internal penetration. 
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6 . The method of claim 4 funher comprising the step of introducing a 
repiacfement valve through a percutaneous intercostal peneu-ation and tlirough the 
intemaApeneUTition into the internal cavity. 



7 . \ The method of claim 6 further comprising fastening the replacement 
valve withiA the internal cavity by means of an instrument introduced through a 
percutaneousUntercostal penetration and through the internal penetration. 



8 . The method of claim 6 wherein the replacement valve is introduced 

• » ■ 

2 through a cannuJ^ positioned in a percutaneous intercostal penetration. 

1 9 . . The\method of claim 4 wherein a percutaneous intercostal penetration is 

2 created in a right latdral portion of the patient's chest. 



1 1 0. The mel^hod of claim 9 wherein the intemaJ penetration is made 

2 of the patient's left atriuVn. 



in a wall 



1 11. 

2 valve. 



The methoW of claim 10 wherein the heart valve comprises a mitral 



12. 



The method of fclaim 10 wherein the hean valve comprises an aortic 



2 valve. 
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13. A method of closed^chest replacement of a heart valve in a patient' 
heart, the method comprising: 

establishing cardiopulmonary\bypass: 
arresting the patient's heart: 

viewing the patient's heart throuk a scope extending through a percutaneous 
intercostal penetration in the patient's chck: 



forming an internal penetration through a wall of the patient's hean using a 

8 cuttingVool introduced through a percutaneous intercostal penetration in the patient's 

9 chest; \ 

^0 pos\tioning a replacement valve through a percutaneous intercostal penetration 

1 1 in the patient'is chest and through the internal peneu-ation into a chamber of the hean; 

12 and \ 

13 securing tiae replacement valve in a valve position in the heart. 

1 14. The rnethod of claim 13 wherein the patient's hean is arrested by 

2 occluding the patient's Vona between the patient's coronary aneries and the patient's 

3 brachiocephalic anery wkh an expandable member on a distal end of an endovascular 

4 catheter, and perfusing the\patient's myocardium with cardioplegic fluid. 

1 15, The method oK claim 13 wherein the hean valve comprises a mitral 

2 valve, the valve position comprising a mitral valve position. 

1 16. The method of claim 1 5 wherein the chamber comprises a left atrium of 

2 the patient's hean. \ 

1 17. The method of claim 13Vvherein the percutaneous intercostal penetration 

2 is disposed in a right lateral ponion of tha patient^s chest. 

1 18. The method of claim 1 3 funner comprising the step of removing at least 

2 a ponion of the patient's hean valve using a cutting tool introduced through a 

3 percutaneous intercostal penetration and througVi the internal penetration. 

1 1 9. The method of claim 1 3 further comprising sizing the patient's hean 

2 valve by means of a sizing instrument introduced through a percutaneous intercostal 

3 penetration and through the internal penetration. \ 



0. The method of claim 13 wherein the replacement valve is positioned by 
means o^an introducer, the introducer comprising an elongated shaft and means at a 
distal end of the shaft for holding the replacement valve. 

21. \ The method of claim 13 wherein the step of fastening comprises 
suturing the replacement valve to an annulus at the valve position. 

22. The^ method of claim 21 wherein the step of suturing comprises applying 
a plurality of suturek to an annulus at the valve position, drawing the sutures out of the 
patient's body through, the internal penetration and through a percutaneous intercostal 
penetration, and applying the sutures to the replacement valve. 

23. The methodVf claim 22 further comprising radially arranging the 
sutures in spaced-apart locations about an organizing ring disposed outside of the 
patient's body. \ 

24. The method of claim\23 funher comprising holding the sutures in 
tension in the organizing ring as the rejolacement valve is positioned in the valve 
position. \ 

25. The method of claim 13 wherein the replacement valve is introduced 
through a cannula positioned in a percutaneous mtercostal penetration. 

26. A system for closed-chest surgical intervention within a patient's heart 
or great vessel, the system comprising: \ 

means for forming a percutaneou.s penetration in an intercostal space in the 
patient's chest; \ 

a visualization scope configured to pass through an inliercostal space in the 



6 \ patient's chest for viewing an internal chest cavity; 
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means for arresting the catient's heart from a location outside of the chest 



cavity; 



a cardiopulmonary bypass system, including means for delivering oxygenated 



■blooa\to the patient's anerial system; 

:utting means positionable through a percutaneous intercostal penetration into 
the chest ciavity for forming an internal penetration in a wall of the patient's hean or 
great vessel\and 

interventional means positionable through a percutaneous intercostal penetration 
and through the\ntemal penetration for performing a surgical procedure within the heart 
or great vessel. 



1 27. The system of claim 26 wherein the means for arresting the heart 

2 comprises an endovascumr catheter having expandable means for occluding the 

3 patient's ascending aorta between the patient's coronary aneries and the patient's 

4 brachiocephalic artery, and amintemal lumen for delivering cardioplegic fluid into the 

5 ascending aorta upstream of theVxpandable means. 
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The svstem of claim a6 wherein the inter\'entional means comorises 



2 means for securing a replacement valvevat a valve location within the patient's heart. 



1 29. The system of claim 28 further comprising a cannula positionable in a 

2 percutaneous intercostal penetration, the cannula having a lumen therein through which 

3 the replacement valve may be introduced into tha internal chest cavity. 
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30. The system of claim 2S wherein the replacement valve comprises an 
annular portion for attachment to a valve annulus in the\heart, the annular portion 
having an outer diameter, wherein the lumen in the cannula has a cross-sectional height 
at least equal to the outer diameter, and a cross-sectional wiqth less than the width of 



the intercostal space. 



\ 31. The system of claim 28 further comprising cutting means positionable 
through a percutaneous intercostal penetration and through the interna] penetration for 
removiire at least a portion of the patient's hean valve. 

32. \ The system of claim 2S further comprising means positionable through a 
percutaneous irkercostal penetration and through the internal penetration for sizing a 
valve annulus of me patient's heart valve. 

33. The sys^m of claim 32 wherein the sizing means comprises an 
elongated shaft and sizing, means at a distal end of the shaft, wherein the shaft and 
sizing means may be introdqced through a percutaneous intercostal penetradon and 
through the internal penecratioW to position the sizing means near the valve annulus. 

34. The system of clairr^28 further comprising means for introducing the 
replacement valve into the patient's he^art, the introducing means comprising an 
elongated shaft having means at a distalVnd thereof for releasably holding the 
replacement valve. \ 

35. The system of claim 34 whereinSihe introducing means further 
comprises means actuated from a proximal end or\the shaft for pivoting the replacement 
valve relative to the shaft from a first position for introduction through a percutaneous 
intercostal penetration to a second position for attachnrent at the valve location. 

36. The system of claim 28 wherein the means Yor securing the replacement 
valve comprises means positionable through a percutaneous mtercostal penetration for 
suturing the replacement valve to a valve annulus at the valve location. 



\ 37. The system of claim 36 further comprising organizing means for 
maintaining sutures in spaced-apart positions outside of the chest cavity after the 
sutures have been applied to the valve annulus. 

38. \ The system of claim 37 wherein the organizing means is fixed to a 
proximal end oKa cannula disposed in a percutaneous intercostal penetration, the 
cannula having a Vimen through which the replacement valve may be introduced into 
the chest cavity. \ 

39. The sys\em of claim 37 further comprising means on the organizing 
means for maintaining tension on ends of the sutures to facilitate advancing the 
replacement valve along the sutures into the patient's hean. 

40. The system of claim 26 further comprising retraction means positionable 
through an intercostal space in me patient's chest for opening the internal penetration in 
the wall of the heart or great vessel. 

4 1 . The system of claim 26 wherein the interventional means is configured 
to reach the interior of the heari'or great vessel from a percutaneous penetration in a 
right lateral ponion of the patient's chesK 

42. The system of claim 41 wherein the interventional means is at least 
about 20 cm in length. \ 

43. A percutaneous access cannula to facilitate closed-chest replacement of a 
heart valve in a patient's heart, the access cannula comprising: 

a cannula body configured for placement in an intercostal space in the patient's 
chest, the cannula body having a distal end. a proximalyend, and a lumen extending 
therebetween, the lumen being configured to allow passage of a replacement valve 



Uherethrough; and 

\ an obturator positionable in the lumen, the obturator having a cross-sectional 
width less than the width of the intercostal space and a cross-secuonal height greater 
than\he cross-sectional width. 

44\ The access cannula of claim 43 wherein the valve prosthesis has an 
annular attachment Donion with an outer diameter, the obturator having a cross- 
sectional heigh\ at least equal to the outer diameter. 

45. TheVccess cannula of claim 43 wherein the cross-sectional height is 
about 2 to 6 times theVross-sectional width. 

46. The accessXcannula of claim 43 wherein the obturator has a generally 
rectangular cross-section. \ 

47. TTie access cannma of claim 43 wherein the obturator has a generally 
oval cross-section. \ 

48. The access cannula of claim 44 wherein the lumen in the cannula body 
has a cross-sectional shape in an unstressed condition with a width less than the width 
of the intercostal space and a height greaterXthan the outer diameter of the valve 
prosthesis. \ 

49. The access cannula of claim 48 wKerein the lumen has a generally 
rectangular cross-section. \ 

50. The access cannula of claim 48 whercinNthe lumen has a generally oval- 
shaped cross-section. \ 
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\ 51. The access cannula of claim 48 wherein the cross-sectional height of the 
lumen is 2 to 6 times the cross-sectional width of the lumen. 



1 5\ The access cannula of claim 43 further comprising means at the 

2 proximal ertd of the cannula body for retaining a plurality of sutures extending through 

3 the lumen in a spaced apart relationship. 

1 53. Trie access cannula of claim 52 wherein the suture retaining means 

2 comprises a piuraJi\v of slots in the proximal end of the cannula body in 

3 circumferentially spaced positions around the lumen. 

1 54. The access cannula of claim 52 further comprising means at the 

2 proximal end of the cannula body for maintaining tension on the sutures. 

1 55. The access canYula of claim 54 wherein the means for maintaining 

2 tension comprises an organi2ing\ring having an interior passage through which the 

3 sutures may extend and a plurality\pf means circumferentially spaced around the 

4 passage for frictionally engaging tha sutures. 

1 56. The access cannula of claim 55 wherein the organizing ring comprises 

2 an inner ring, an outer ring roiatably coupled to the inner ring, a first plurality of 

3 apertures circumferentially spaced about theViner ring, and a second plurality of 

4 apertures circumferentially spaced about the otWr ring, the first and second plurality of 

5 apenures being aligned when the outer ring is in\i first rotational position, and non- 

6 aligned when the outer ring is in a second rotationjrl position. 

1 57. A cannula .sy.scem to facilitate surgical intervention in a patient's body 

2 cavity, the cannula system comprising: \ 

3 a cannula body having a distal end. a proximal endXand a lumen therebetween. 
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he lumen being configured for inu-oduction of surgical instruments therethrough; and 
organizer means at the proximal end of the cannula body for retaining a plurality 
^/ of s'utures extending through the lumen from the body cavity in spaced apan positions 
outsiote of the body cavitv. 




5S.\ The cannula system of claim 57 wherein the cannula body is configured 
ror positjonirtg in an intercostal space in the patient's chest. 



59. nie cannula system of claim 57 wherein the organizer means comprises 
a nrst organizmg nn^ having an interior passage and a plurality of suture retaining 
means circumferentiaUy spaced about the interior passage. 
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60. The cannui^system of claim 59 wherein the first organizing ring is fixed 
to the proximal end of the cannula body with the interior passage aligned with the 
lumen. 



6 1 . The cannula system (if claim 59 wherein the suture retaining means 
comprise a plurality of slots in the firsr^rganizing ring circumferendally spaced about 
the interior passage. 
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62. The cannula system of claim 6^9 further comprising means at the 
proximal end of the cannula bodv for maintainiiYg the sutures in tension. 
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63. The cannula system of claim 62 wherein the means for maintaining the 
sutures in tension comprises a second organizing ring spaced apan from the first 
organizing ring, the second organizing ring having an interior passage and a plurality of 
means circumferentially spaced about the interior passage foXholdins the sutures in 
t ension. 



64. The cannula system of claim 63 wherein the means for holding the 
sutureAin tension comprise slits in the second organizing ring for frictionally engaging 
the sutures. 

65. \ The cannula svstem of claim 62 wherein the means for maintaining the 
sutures in tension comprises slits in the first organizing ring for frictionally engaging 
the sutures. \ 

66. The Cannula system of claim 58 funher comprising means for holding a 
replacement valve out\ide the chest in proximity to the organizer means, whereby a 
suture extending from ine body cavitv through the lumen in the cannula maybe applied 
to the replacement valve ajid secured in the organizer means. 

67. The cannula system of claim 66 wherein the lumen is configured to 
facilitate introduction of the replacement valve therethrough into the body cavity. 

68. A thoracoscopic deWe for placement of a replacement valve in a valve 
position of a patient's heart, the thoracoscopic device comprising: 

an elongated handle having a cnstal end and a proximal end. the handle 
configured for positioning through an in\ercosial space in the patient's chest; and 

means at the distal end of the handte for releasably holding a replacement valve 
in an orientation for introduction through theVintercostal space. 

69. The thoracoscopic device of claim 68 wherein the handle is at least about 
20 cm in length. \ 

70. The thoracoscopic device of claim 68 fVther comprising means for 
pivoting the replacement valve relative to the handle from a first orientation for 
introduction through the intercostal space, to a second oriemation for placement in the 




alve position. 



1 \ 71. The thoracoscopic device of claim 68 wherein the pivoting means 

2 inclu^ an actuator disposed at the proximal end of the handle. 



1 72. \ The thoracoscopic device of claim 68 further comprising means at the 

2 proximal end\f the handle for releasing the replacement valve from the holding means. 
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73. A \-osthesis assembly for closed-chest replacement of a heart valve, the 

prosthesis assembly domprisini 

a replacement vilve having an annular attachment ponion and a movable valve 

portion coupled to the attachment ponion; and 

holder means releasaWy mounted to the attachment portion, wherein the holder 
means is configured to allow introduction of the replacement valve through an 
intercostal space in the patient's chest. 



1 74. The prosthesis assemblyJsf claim 73 wherein the intercostal space has 

2 an intercostal width, the replacement valve\nd holder means together having a profile 

3 with a width less than the intercostal width. 
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75. The prosthesis assembly of claimVt wherein the attachment portion of 
the replacement valve has an outer diameter which greater than the intercostal width. 



1 76. The prosthesis assembly of claim 73 whWin the holder means 

2 comprises an elongated handle having a distal end mount^ to the replacement valve 

3 and a proximal end opposite the distal end. the handle beinV configured for introducing 

4 the replacement valve into the patient's heart through the intekostal space. 



77. The prosthesis assembly of claim 76 wherein the\iandle is at least about 



2\ 20 cm in length so as to allow positioning the replacement valve in the hean from a 
3 Vght lateral portion of the chest. 

1 Y^. The prosthesis assembly of claim 76 wherein the handle comprises 

2 means for releasing the replacement valve, the releasing means being configured for 

3 actuation from a ph^ximal end of the handle. 

1 79. The prosthS;sis assembly of claim 76 wherein the handle comprises 

2 means for pivoting the replacement valve from a first orientation for introduction 

3 through the intercostal space to a^econd orientation for attachment within the patient's 

4 hean, the pivoting means being configured for actuation from a proximal end of the 

5 handle. \ 

1 80. The prosthesis assembly of clairrK73 wherein the intercostal space is less 

2 than about 20 mm in width. \ 

1 81. The prosthesis assembly of claim 73 wherei\the replacement valve and 

2 holdins means are contained in a sterile pack. \ 



